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In this work the correlations between spatial concentrations of active nuclei (NLS
and BLS) and concentration of galaxies of full uniform sample were obtained. Meth-
ods, developed by the author in previous paper [1] were used. Galaxies of this uniform
sample trace the large-scale structure. We used SDSS DR 7 data. The correlations
obtained are linear and the NLS/BLS ratio is constant. That leads to conclusion
that amounts NLS and BLS are some fixed fraction of all galaxies independent on
the density of large-scale environment. In order to check validity of our results were
also confirmed the well known result that fraction of red galaxies increases with den-
sity of environment. Also it was confirmed that this trend is more prominent for less
massive galaxies.
Contacts of authors: aermash@gmail.com
21. INTODUCTION
According to the current classification the population of Seyfert galaxies is divided into
two main types. Objects with broad permitted lines are classified as Sy1, objects without
broad permitted lines as Sy2. This difference might be caused by the lack of BLR (Broad
Line Region) or by obscuration of BLR by dusty torus. In former case such objects are called
“true Sy2”. Intermediate types (Sy 1.2 – Sy 1.8) in this classification are defined according
to prominence of the broad components of permitted lines.
It is very important to pay some attention to the existing confusion in terminology about
NLS. Seyfert galaxies often have very broad permitted lines, their widths can reach even
10 000 km/s and more. When we speak about Narrow Line Seyfert galaxies we imply
that their broad permitted lines are merely slightly wider than forbidden lines. But broad
permitted lines in Narrow Line Seyfert galaxies are present! Various authors define the
threshold between NLS and BLS (Broad Line Seyfert Galaxies) differently, convenient value
is in range 2000 – 2200 km/s.
There is a growing interest in this type of AGN in the recent years. Their host galaxies
have on average later Hubble types, 〈HT 〉 = 3.0 and 〈HT 〉 = 1.0 for NLS and BLS re-
spectively [2]. Numerical coding of Hubble types is according to the RC3 (Third Reference
catalog), [3]. I.e. T = 1 means Sa, T = 2 — Sab, T = 3 — Sb etc. Bulges in host galaxies of
NLS are always pseudobulges [4], their nuclear spirals show regular two-arm morphology, in
contrast to BLS.
In recent years more and more authors had confirmed that NLS accrete with high Ed-
dington ratios close to the Eddington limit and that their black holes are less massive than
such of BLS [5, 6]. Black holes in NLS also seem to have high angular momenta [4, 7–9]. It
is curious that NLS can produce relativistic jets in many ways similar to jets in blasars.
Let us briefly discuss the evolutionary status of host galaxies of this type of AGN. Many
authors believe that NLS evolve through so-called secular processes in contrast with BLS.
See, for example, [4]. Secular evolution implies slow evolution of the host galaxy via internal
instabilities (internal secular evolution) or tidal interactions or minor mergings with small
satellite galaxies (external secular evolution). For details see [10].
Relatively small attention was paid to the surroundings of NLS galaxies in the literature.
3In [11] the connection between environment and properties of host galaxies of LINERs1 and
TO2 was studied. As a result, no connection was found. On the other hand, in [12] it
was found that there is a significant difference between environments of Sy1 and Sy2. Sy2
have more close companions. Authors had also compared environments of control samples
of galaxies of same morphological types as hosts of Sy1 and Sy2. No difference between host
galaxies of AGN and normal galaxies of same morphological types was found. That led to
conclusion that differences in environmental density of Sy1 and Sy2 are due to differences in
morphological types of their host galaxies and not due to the presence of an active nuclei.
In [13] correlation between infrared luminosity and environmental density was discovered
for a sample of bright IRAS galaxies. Paper [14] was dedicated directly to the problem of
environment of NLS. Authors came to conclusion that NLS tend to have close companions
less frequently. Nevertheless, it should be noted that this paper is relatively old (year 2001)
and all conclusions are based on a sample of 27 galaxies.
In our previous work [1] we have obtained the luminosity function of NLS in [OIII]λ5007A˚.
This forbidden line is emitted at large distance from the active nuclei in NLR, which has
conical geometry, thus this line does not suffer from orientation effects and obscuration.
Modified V/Vmax method was used. For a complete magnitude limited sample it is very
easy to calculate Vmax, but the situation is quite difficult for spectral lines. In order to solve
this problem we calculated the function of probability of observation of object for every
luminosity bin p(dc), where dc — comoving distance.
We also took into account variations of the density of the Universe due to the large-
scale structure. The idea was as following. If we know the luminosity function of inactive
galaxies with good accuracy, then having a uniform sample it is possible to calculate for
considered volume
Nobs
Ncalc
, where Nobs – the observed amount of galaxies, Ncalc — calculated
amount of galaxies from luminosity function. This approach allows us to normalize sample of
considered objects to uniform complete sample of galaxies which traces variations of density
of the Universe. For details see [1].
1 Low-Ionization Nuclei Emission Region galaxies.
2 Transition Objects.
42. DATA PROCESSING
In our work we have used SDSS DR 7 (about 7th data release of SDSS see [15]). Lu-
minosities of AGN were estimated using [OIII]λ5007A˚ line. For classification we used Hα
line.
We have also selected a magnitude limited sample of galaxies in r band taking extinction
into account. This sample was used for normalization.
In our work we used the following cosmological parameters: ΩM = 0.279, ΩΛ = 0.721,
h = 0.701, as in SDSS DR 7.
Firstly we have split our sample of AGN into luminosity bins in [OIII]λ5007A˚ line (ex-
pressed in units lg
(
L[OIII]
L⊙
)
) and set minimum and maximum redshifts of the sample. As
in our previous work [1] we have used fixed step in comoving volume instead of comoving
distance dc or redshift z.
The table with AGN data (NLS and BLS) contains the following rows: z, lg
(
L[OIII]
L⊙
)
, α,
δ (redshift, logarithm of [OIII] luminosity in solar units, coordinates). The table with data
of normalization sample — z, mr, Mr, α, δ (redshift, observed stellar magnitude, absolute
stellar magnitude, coordinates).
At first for every defined interval of redshift we calculated the normalization
ρgal
〈ρgal〉
, where
ρgal is the density of galaxies in the considered volume element, 〈ρgal〉 — average density of
galaxies. Then for every luminosity bin we found amount of AGN objects NAGN . The
amount of AGN normalized to the average density of the Local Universe is:NAGN,norm =
NAGN
(
ρgal
〈ρgal〉
)−1
The ratio
ρgal
〈ρgal〉
was calculated the following way. Luminosity function is
usually fitted with the Schechter function:
φ(L)dL = φ∗(L/L∗)α exp (−L/L∗)d(L/L∗)
For absolute magnitudes this formula takes the following form:
Φ(M) = 0.4 lg (10)Φ∗10
−0.4(M−M∗)(α+1) exp
(
−10−0.4(M−M∗)
)
We took parameters for local luminosity function of galaxies from [16], where they are as
following: Φ∗ = 0.0090± 0.0007, M∗ − 5 lg10 h = −20.73± 0.04, α = −1.23± 0.02 in r band
of SDSS survey. Knowing this parameters one can obtain total luminosity of galaxies per
unit of volume:
Lsch =
∫ L2
L1
L′φ(L′)dL,
5where L1 and L2 are the limits of integration.
Now we can obtain
〈ρgal〉
ρgal
=
LschV
Lobs
, where Lobs — total observed luminosity of galaxies in
considered volume element, V — considered volume. Luminosity of each galaxy is in range
L1 < L < L2. It is crucial to stress that transition from luminosities to spatial densities is
possible only if parameters of Schechter function α and L∗ are constant. For the redshift
interval considered this is correct. For details see [1]. Hence, normalized amount of AGN is
NAGN,norm = NAGN
LschV
Lobs
.
Having normalized sample of AGN, we can now calculate the probability function of
observation of objects in considered luminosity bin p(dc), where dc — comoving volume.
This function has a following form: pAGN(dc) = aexp(−b1/d
2
c)exp(−b2d
2
c). Details see in [1].
Then we have split the considered volume of the Universe into elements limited by redshift
(zi < z < zi+1), ascension and declination (αmin,j < α < αmax,j ; δmin,j < δ < δmax,j).
Figure 1 illustrates this scheme. For every volume element the ratio
ρgal
〈ρgal〉
was calculated.
Total count of NLS and BLS was obtained for the considered luminosity interval. It was
then corrected using the probability function p(dc). Making the same calculations for each
volume bin we obtained the dependence of NNLS, NBLS and
NNLS
NBLS
on
ρgal
〈ρgal〉
, where NNLS
and NBLS — spatial densities of NLS and BLS respectively.
Errors were estimated the following way. The amount of objects corrected using the
probability function of observation of object in considered volume in luminosity interval
lk < l < lk+1 is
N =
∑
i
1
p(dc,i)
.
The total error is contributed by Poisson errors and error in determining the p(dc) func-
tion. Hence, we obtain:
σ2N =
∑
i
[(
1
p(dc,i)
)2
+
(
1
p2(dc,i)
σp(dc,i)
)2]
According to the fact that function p(dc) has the following form:
p(dc) = exp
(
−b1d
2
c
)
exp
(
−
b2
d2c
)
,
we can obtain the equation for errors:
σ2p(dc) =
(
d2c exp (−b1d
2
c) exp
(
−
b2
d2c
)
σb1
)2
+
(
1
d2c
exp (−b1d
2
c) exp
(
−
b2
d2c
)
σb2
)2
63. SPATIAL DENSITY OF AGN AND THE LARGE-SCALE STRUCTURE
Firstly, it is necessary to define volume bins of the SDSS survey. If we use too large
elements we will lose information about small-scale variations of density. But in the case of
too small volume elements there will be insufficient galaxies for calculating the
ρgal
〈ρgal〉
ratio
in volume bins with rather low density. I.e. in such a case it is possible to study the
ρNLS
ρBLS
ratio in small areas of increased density.
We have only considered volume elements with amount of inactive galaxies for normal-
ization N ≥ 100 so that Poisson error is ≤ 10%. In order to check our results the same
calculations were performed also for N ≥ 50. The results obtained are identical except that
errors are lower (there are more objects for each density bin) and uncertainties in ρ are
higher. All the figures in this work show results with N ≥ 100 except fig. 4l because in case
of N ≥ 100 there are too few objects. Fig. 4l shows results for N ≥ 50 instead.
Two grids were used. The first had the following parameters. Solid angle of each element
was set to Ω = 0.037ср or 120, minimal redshift zmin = 0.027, maximum redshift zmax =
0.18, amount of redshift bins 8. The second grid had the following parameters: Ω = 0.011ср
or 36, zmin = 0.022, zmax = 0.18, amount of redshift bins was set to 15. Grids 1 and 2 are
shown in figures 2a and 2b respectively.
The same interval in AGN luminosity as for calculation of luminosity function [1] was
used. But it was split in 4 intervals instead of 12: 5.25 – 6.25, 6.25 – 7.0, 7.0 – 7.75, 7.75 –
9.0. Values are in units lg
L[OIII]
L⊙
.
For each luminosity bin we have built three correlations between NNLS(Mpc
−3),
NBLS(Mpc
−3),
NNLS
NBLS
and
ρgal
〈ρgal〉
. We have built these correlations also for the whole lu-
minosity interval of AGN (L = 5.25− 9.0).
Let us take a close look on the results obtained using the fist grid. It allows to build the
considered correlations in range
ρgal
〈ρgal〉
= 0.5− 2.5.
In figure 3 the following correlations are shown. On the upper row on panels a) – d)
the correlation between NBLS and
ρgal
〈ρgal〉
for four intervals of AGN luminosity are shown.
The second row e) – h) displays the same for NLS. In the third row i – l) relations between
NNLS
NBLS
and
ρgal
〈ρgal〉
are shown. In the fourth row (m, n, o) three correlations between NBLS ,
NNLS,
NNLS
NBLS
and
ρgal
〈ρgal〉
for the whole considered interval of AGN luminosity are shown.
7The correlations between NNLS,NBLS and
ρgal
〈ρgal〉
were fitted with linear function ax + b
and with exponential one in form a×exp
(
−
c
x2
)
+b, where a, b and c — free parameters. The
latter function was chosen because it grows with increasing x and asymptotically flattens
at high x. The correlation between
NNLS
NBLS
and
ρgal
〈ρgal〉
was fitted with linear function and
also with a cubic polynomial ax3 + bx2 + cx + d. Results of fitting are given in table 1.
This table contains fitting parameters, their errors, χ2 and number of degrees of freedom
N . Correlations between NBLS , NNLS and
ρgal
〈ρgal〉
are fitted well by linear function. As
can be seen from chi-square criterion, usage of exponential function does not improve the
fit. The same is true for the correlation between
NNLS
NBLS
and
ρgal
〈ρgal〉
. It is important to
stress that in case of linear approximation the a coefficient is equal to zero within errors for
LAGN = 6.25 − 7.0 and LAGN = 7.0 − 7.75. For the most faint AGN with luminosity in
range LAGN = 5.25 − 6.25 there is a small tendency of increasing the relation
NNLS
NBLS
with
density of environment (a = (4.63±2.13)×10−2). For brightest galaxies there is an opposite
trend, i.e. the relation of amounts of NLS and BLS decreases with growing concentration of
galaxies of control sample, a = (−1.58± 0.60)× 10−1.
For the whole considered AGN luminosity interval (L=5.25–9.0) all three correlations are
linear judging on the chi-square criterion. But the correlation between
NNLS
NBLS
and
ρgal
〈ρgal〉
seems to be absent because coefficient a = (2.26±2.36)×10−2 is equal to zero within errors.
Let us now consider the results obtained with the second grid. As was already mentioned
above, it allows us to trace correlations to larger values of
ρgal
〈ρgal〉
, but on lower densities
results should be less accurate.
The obtained correlations are shown in figure 4. The structure of this figure is the same
as of figure 3. Results of fitting are in table 2. When we consider interval of
ρgal
〈ρgal〉
reaching
higher values we can see some differences from the correlations discussed above.
Let us consider the correlation between NBLS and
ρgal
〈ρgal〉
. For the first luminosity interval
there is evidence of deviation from the linear trend at high values of
ρgal
〈ρgal〉
. Approximation
by strait line gives χ2 = 1.15 and exponential function gives χ2 = 1.01. For the other
three intervals in luminosity there are no signs of deviation from the linear trend. For the
whole interval of nuclear luminosities there are no significant signs of deviation from linear
trend. Chi-square gives 1.3 for linear and 1.27 for exponential functions respectively. For
the relation between NNLS and
ρgal
〈ρgal〉
there is some evidence on deviation from linear trend
8in the luminosity range LAGN = 7.0 − 7.75 (χ
2 = 1.14 and 1.02 for linear and exponential
trends respectively).
Relation between
NNLS
NBLS
and
ρgal
〈ρgal〉
either for all 4 intervals of luminosity and for the
whole interval is well fitter by linear functions. The a coefficients are equal to zero within
errors.
Let us now discuss what do these results imply. If NLS and BLS are a fixed, albeit
different portion of all galaxies it is obvious that the relations considered will behave the
following way. NNLS and NBLS will be linear and
NNLS
NBLS
will be constant. Deviation from
such behavior will mean that such assumptions are not valid. Deviations of
NNLS
NBLS
are
observed in three cases. For the first grid it occurs at L = 5.25 − 6.25 и L = 7.75 − 9.0,
for the second at L = 7.75 − 9.0. These deviations are weak, in cases 2 and 3 they have
opposite directions. Which means that there are no statistically significant evidence that the
ratio
NNLS
NBLS
deviates from constant.
For all the luminosity intervals considered correlations between NNLS, NBLS and
ρgal
〈ρgal〉
are linear. But there are two exceptions: L = 5.25 − 6.25(BLS) and L = 7.0 − 7.75(NLS),
second grid. Evidence of deviation from linear trend at
ρgal
ρga;
> 3 is present.
Nevertheless, statistical significance is too small for any conclusions.
It seems that for all considered luminosity intervals the correlations between NNLS, NBLS
and
ρgal
〈ρgal〉
are linear. All the above said implies that NLS and BLS are some fraction of all
galaxies which depends on nuclear luminosity but not on density of large-scale environment.
4. DEPENDENCE OF THE RED FRACTION OF GALAXIES ON LUMINOSITY
AND DENSITY OF ENVIRONMENT
The fact that the fraction of early-type galaxies is higher in more dense regions is well-
known. See, e.g., [17]. Also with increasing density of environment increases the fraction of
red galaxies.
Paper [17] is dedicated to analysis of data provided by the Galaxy Zoo project. For today
it is the largest catalog of visually classified galaxies. Right panel of fig. 12 in [17] shows the
correlation of the fraction of red galaxies with lg10(Σ[Mpc
−3]). In our work this correlation
is shown on fig. 5g. Authors of [17] defined the density of environment as ΣN = N(pid
2
N ),
where dN — projected distance to the Nth companion brighter than Mr = 20. N was set to
94 or 5.
Let us check if our approach allows to independently confirm the result of dependence of
red fraction on the density of environment. There is no need to calculate the function of
probability of observation because SDSS is a magnitude-limited complete catalog.
The correlations were obtained for 6 intervals in absolute magnitude: −23.0 ≤ Mr <
−22.5, −22.5 ≤ Mr < −22.0, −22.0 ≤ Mr < −21.5, −21.5 ≤ Mr < −21.0, −21.0 ≤ Mr <
−20.5, −20.5 ≤Mr < −20.0.
In order to classify galaxies we used u−r colors. Galaxy was considered red if u−r > 2.2
according to [18].
The obtained correlations between red fraction
Nred
Nall
and
ρgal
〈ρgal〉
are shown in figure 5a-f.
Let us compare our result with the one from [17] shown on fig. 5g. We confirm not only
that there is a tendency of increasing of fraction of red galaxies with density of environment,
but also the fact that this trend is more prominent for less massive galaxies. This effect can
be explained in the following way. In order to form a giant galaxy mergings are required.
They in turn will lead to depletion of gas reservoir and redder color of galaxy. I.e. there
definitely should be few giant galaxies in voids, but significant fraction of them will be
red. For less massive galaxies the situation is drastically different. In voids such galaxies
will evolve on their own via secular processes and to present epoch they will still have gas
and significant star formation rates. In dense regions gas reservoirs of such galaxies will
be depleted by different processes (ram pressure stripping, mergings, nuclear activity etc.)
which will result in redder colors.
Hence, confirmation of this result means that our approach is correct and results obtained
about NLS and BLS are trustworthy.
5. CONCLUSION
Using our method discussed in detail in [1] relations between spatial concentrations of
NLS, BLS and
ρgal
〈ρgal〉
were obtained. Here
ρgal
〈ρgal〉
is a ratio of concentration of galaxies in
considered volume to the average concentration of galaxies in the Universe. Also the relation
was obtained for the ratio
NNLS
NBLS
.
Correlations of NNLS and NBLS are linear. The value
NNLS
NBLS
is constant within errors.
Deviations are small and statistically insignificant.
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NLS and BLS are a fixed fraction of all galaxies in wide range independent from density
of the Universe.
All this argue for the idea that NLS activity is launched through internal processes, not by
interactions. It should be noted, however, that our approach allows to analyze connection of
nuclear activity with variations of concentration of galaxies on scales of large-scale structure
cells (i.e. with the position of AGN in large-scale structure), but it does not account at all
for the presence or absence of close companions. Some authors state that interactions with
close companions lead to formation of classical bulges in BLS (see, e.g., [4])
In order to check validity of our approach we have obtained the relation between fraction
of red galaxies and
ρgal
〈ρgal〉
. The results from [17] were confirmed. Fraction of red galaxies is
higher in more dense regions and this trend is more prominent for less massive galaxies.
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αmin,j αmax,j
δmax,j
δmin,j
zi(dc,i)
zi+1(dc,i+1)
Figure 1. a) Scheme of dividing volume of the survey into elements. Every volume element is
limited by redshift zi < z < zi+1 and coordinates (αmin,j < α < αmax,j; δmin,j < δ < δmax,j).
( )b ( )a
Figure 2. Grids used in this study. Area of each element is a) 0.037sr or 120 and b) 0.011sr or
36.
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Figure 3. Relations obtained using first grid (see fig. 2a) Upper row — correlations between
NBLS(10
−5Mpc−3) and
ρgal
〈ρgal〉
. Four panels correspond to four intervals of AGN luminosity in units
of lg
L[OIII]
L⊙
. a) 5.25 – 6.25 b) 6.25 – 7.0 c) 7.0 – 7.75 d) 7.75 – 9.0. The second row displays
correlations between NNLS(10
−5Mpc−3) and
ρgal
〈ρgal〉
. In the same way e), f), g), h) correspond to the
same intervals of AGN luminosity. The third row displays the relations between
NNLS
NBLS
and
ρgal
〈ρgal〉
.
i), j), k) l) correspond to the same intervals of AGN luminosity. Lower row displays relations
between m) NBLS, n) NNLS, o)
NNLS
NBLS
and
ρgal
〈ρgal〉
for the whole interval of the AGN luminosity,
L = 5.25− 9.0. Solid lines on all diagrams are the result of linear approximation. Dashed lines on all
diagrams are the result of approximation with nonlinear function: a) – h), m), n) exponential
function a× exp
(
−
c
x2
)
+ b ;i) -l), o) cubic polynomial ax3 + bx2 + cx+ d.
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Figure 4. Relations obtained using second grid (see fig. 2b). Outline is as in figure 3.
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Figure 5. a - f) Correlation between fraction of red galaxies with u− r > 2.2 and
ρgal
〈ρgal〉
for six
intervals of absolute magnitude Mr. a) −23.0 ≤Mr < −22.5, b) −22.5 ≤Mr < −22.0, c)
−22.0 ≤Mr < −21.5, d) −21.5 ≤Mr < −21.0, e) −21.0 ≤Mr < −20.5, f) −20.5 ≤Mr < −20.0. g)
Fraction of red galaxies vs log10(Σ[Mpc
−3]) for different mass intervals. Figure was taken from [17].
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Table 1. Results of fitting obtained using first grid (see fig. 2a). First column denotes which correlation was fitted. Second column contains AGN
luminosity range in units of lg (L[OIII]/L⊙). In columns 3–6 results of fitting with linear function ax+ b are given. Namely, the parameters a, b,
chi-square χ2, number of degrees of freedom N . For correlations between NNLS, NBLS and ρgal/〈ρgal〉 columns 7,8,9,11,12 contain result of
approximation with function aexp
(
−c/x2
)
+ b. Namely a, b, c — parameters, chi-square χ2, number of degrees of freedom N . For correlations between
NNLS/NBLS and ρgal/〈ρgal〉 columns 7–12 contain results of fitting with cubic polynomial, a, b, c, d — parameters, chi-square χ
2, N .
Linear approximation Nonlinear approximation
1 2 3 4 5 6 7 8 9 10 11 12
# ∆L a b χ2 N a b c d χ2 N
NBLS 5.25–6.25 (3.65±0.41)×10
−5 (8.83±5.36)×10−6 0.68 22 (7.93±1.19)×10−5 (3.40±0.52)×10−5 2.08±0.58 — 0.68 21
NBLS 6.25–7.0 (7.77±0.97)×10
−6 (0.67±1.21)×10−6 0.82 22 (1.54±0.22)×10−5 (5.32±1.38)×10−6 1.65±0.56 — 0.81 21
NBLS 7.0–7.75 (5.77±0.91)×10
−6 (0.68±1.15)×10−6 1.23 22 (1.17±0.19)×10−5 (3.74±1.30)×10−6 1.51±0.58 — 1.16 21
NBLS 7.75–9.0 (2.18±0.33)×10
−6 (-0.56±4.10)×10−7 0.73 19 (4.57±1.11)×10−6 (1.46±0.37)×10−6 2.04±0.79 — 0.85 18
NNLS 5.25–6.25 (7.89±1.13)×10
−6 (-2.02±1.33)×10−6 0.93 22 (1.55±0.34)×10−5 (2.88±1.15)×10−6 1.72±0.61 — 1.03 21
NNLS 6.25–7.0 (4.12±0.79)×10
−6 (0.07±1.00)×10−6 1.13 22 (7.96±1.56)×10−6 (2.02±1.34)×10−6 1.30±0.71 — 1.12 21
NNLS 7.0–7.75 (2.53±0.55)×10
−6 (1.29±6.99)×10−7 0.90 22 (5.55±1.55)×10−6 (1.84±0.68)×10−6 2.05±1.08 — 0.89 21
NNLS 7.75–9.0 (1.69±2.01)×10
−7 (6.76±2.71)×10−7 0.74 19 (0.61±1.37)×10−6 (8.25±1.74)×10−7 3.98±9.16 — 0.77 18
NNLS
NBLS
5.25–6.25 (4.63±2.13)×10−2 (7.43±2.93)×10−2 0.83 22 (8.80±7.27)×10−2 (-3.91±3.15)×10−1 0.58±0.43 -0.15±0.18 0.84 20
NNLS
NBLS
6.25–7.0 (-3.74±8.29)×10−2 (5.09±1.23)×10−1 1.17 22 (2.32±3.05)×10−1 -1.07±1.43 1.51±2.11 -0.18±0.98 1.25 20
NNLS
NBLS
7.0–7.75 (3.16±6.36)×10−2 (3.48±0.92)×10−1 0.65 22 (0.38±2.61)×10−1 -0.14±1.22 0.19±1.82 0.30±0.86 0.72 20
NNLS
NBLS
7.75–9.0 (-1.58±0.60)×10−1 (5.15±0.93)×10−1 0.58 19 (-1.43±2.58)×10−1 0.82±1.27 -1.63±2.03 1.34±1.04 0.61 17
NBLS 5.25–9.0 (5.29±0.43)×10
−5 (1.03±0.56)×10−5 0.69 22 (1.11±0.10)×10−4 (4.39±0.57)×10−5 1.85±0.37 — 0.62 21
NNLS 5.25–9.0 (1.46±0.15)×10
−5 (-0.01±1.89)×10−6 0.88 22 (2.80±0.36)×10−5 (8.09±2.01)×10−6 1.48±0.40 — 0.92 21
NNLS
NBLS
5.25–9.0 (2.26±2.36)×10−2 (2.01±0.34)×10−1 0.90 22 (8.36±8.12)×10−2 (-3.90±3.67)×10−1 0.59±0.52 -0.05±0.24 0.93 20
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Table 2. Results of fitting of the correlations obtained using the second grid (see fig. 2b). Structure of the table is the same as such of table 1.
Linear approximation Nonlinear approximation
1 2 3 4 5 6 7 8 9 10 11 12
# ∆L a b χ2 N a b c d χ2 N
NBLS 5.25–6.25 (3.74±0.30)×10
−5 (6.34±3.94)×10−6 1.15 43 (9.78±0.90)×10−5 (2.88±0.35)×10−5 2.07±0.34 — 1.01 42
NBLS 6.25–7.0 (6.61±0.93)×10
−6 (2.86±1.29)×10−6 1.07 19 (1.81±0.39)×10−5 (7.77±1.05)×10−6 2.73±0.90 — 1.22 18
NBLS 7.0–7.75 (5.47±0.52)×10
−6 (1.41±0.80)×10−6 0.43 19 (1.90±0.21)×10−5 (6.13±0.51)×10−6 3.94±0.60 — 0.32 18
NBLS 7.75–9.0 (5.46±3.75)×10
−7 (1.67±0.69)×10−6 1.04 19 (1.66±2.93)×10−5 (2.48±0.28)×10−6 28.0±24.8 — 1.02 18
NNLS 5.25–6.25 (5.47±1.03)×10
−6 (0.53±1.38)×10−6 1.46 43 (1.22±0.30)×10−5 (3.77±1.58)×10−6 1.75±0.92 — 1.63 42
NNLS 6.25–7.0 (2.34±0.82)×10
−6 (2.66±1.31)×10−6 1.44 19 (1.36±1.00)×10−5 (5.35±0.72)×10−6 8.74±5.81 — 1.56 18
NNLS 7.0–7.75 (2.07±0.49)×10
−6 (9.30±6.93)×10−7 1.14 19 (5.54±1.17)×10−6 (1.51±1.49)×10−6 1.30±1.15 — 1.02 18
NNLS 7.75–9.0 (6.44±1.66)×10
−7 (-1.23±2.53)×10−7 0.61 19 (2.84±1.21)×10−6 (5.22±1.55)×10−7 5.84±2.72 — 0.63 18
NNLS
NBLS
5.25–6.25 (-0.10±1.43)×10−2 (1.24±0.26)×10−1 1.44 43 (0.08±1.25)×10−2 (1.65±8.68)×10−2 -0.08±0.18 0.20±0.11 1.40 41
NNLS
NBLS
6.25–7.0 (-5.42±4.94)×10−2 (5.27±1.03)×10−1 1.24 19 (-4.23±3.99)×10−2 (3.80±3.05)×10−1 -1.05±0.70 1.27±0.48 1.15 17
NNLS
NBLS
7.0–7.75 (-3.32±3.40)×10−2 (4.59±0.72)×10−1 0.77 19 (0.80±3.05)×10−2 (-0.82±2.28)×10−1 0.20±0.50 0.28±0.32 0.83 17
NNLS
NBLS
7.75–9.0 (3.61±3.93)×10−2 (1.41±0.74)×10−1 1.08 19 (-2.27±3.76)×10−2 (1.57±2.63)×10−1 -0.28±0.56 0.33±0.35 1.18 17
NBLS 5.25–9.0 (5.34±0.36)×10
−5 (8.51±4.78)×10−6 1.31 43 (1.43±0.12)×10−4 (4.29±0.42)×10−5 2.28±0.32 — 1.27 42
NNLS 5.25–9.0 (1.28±0.16)×10
−5 (1.79±2.29)×10−6 1.68 43 (3.35±0.59)×10−5 (1.03±0.22)×10−5 2.32±0.72 — 1.84 42
NNLS
NBLS
5.25–9.0 (-0.17±1.55)×10−2 (2.23±0.29)×10−1 1.45 43 (-0.27±1.31)×10−2 (3.53±9.48)×10−2 -0.11±0.21 0.31±0.13 1.47 41
